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LIGHTWEIGHT AGGREGATE 



The present invention relates to a lightweight 
aggregate in the form of pellets or granules and, in 
particular, to a lightweight aggregate in the form of 
pellets or granules for use in the building industry. 
The pellets of aggregate are suitable, for example, 
for making structural or non-structrual building 
blocks, for lightweight fill and as a filler for 
lightweight concrete, for example lightweight concrete 
screeds. This invention also importantly incorporates 
pulverized fuel ash, which is a waste product from 
coal-fired power stations. 

It has previously been shown that the 
incorporation of expanded polystyrene beads in 
lightweight concrete, cement and plaster mixes can 
result in* lightweight building materials. 

JP-60176976 teaches the production of lightweight 
building material from mixtures of an inorganic 
binder, a lightweight aggregate such as polystyrene 
beads and reinforcing fibres. 

GB-1118621A relates to cement or plaster mixes 
comprising cement or plaster, expanded polystyrene, 
filler and a suspending agent. 

GB-2095227A teaches a method of making 
lightweight concrete comprising cement, expanded 
polystyrene, sand, water and a surfactant. 

US-3764357A teaches the preparation of 
lightweight concrete and plaster by a method 
comprising several steps to ensure that the 
lightweight aggregate is uniformly mixed with the 
cementaceous material and other relatively heavy 
ingredients of the mixes. 

GB-2100244A teaches the production of insulating 
building blocks comprising a cement, a filler and a 
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lightweight material, for example polystyrene, 
comprising up to 25% of the volume of the block. 

It is also known to produce a lightweight 
aggregate in the form of pellets from pulverised fuel 
5 ash and a relatively small proportion of lime or 
cement, calculated on the content of fuel ash. 

It has never previously, however, been considered 
feasible to incorporate large quantities of expanded 
polystyrene beads in such pellets because it has been 
10 thought that the presence of polystyrene would 

interfere with the pelletising or granulating process 
by preventing compaction of the fuel ash/cement 
mixture and that the polystyrene would migrate towards 
the surface of the pellets during formation thereof, 
15 so that the pellets would consist of a core of solid 
material and a soft surface layer mainly of 
polystyrene beads. 

It has now been found that a lightweight 
aggregate containing large quantities of expanded 
20 polystyrene beads can be successfully produced. 

Accordingly the present invention provides a 
method for forming a lightweight aggregate comprising 
mixing together from 80% to 99% by weight of 
pulverised fuel ash, from 1% to 20% by weight of 
25 cement and an amount of .expanded polystyrene beads 

having a particle size of less than 2.5 millimetres, 
such that the volume of polystyrene beads is from 15% 
to 80% of the total volume of the final mixture, to 
form a pellet isable mix, forming the mix into pellets 
30 having a diameter of less than 15 millimetres and 
curing the pellets in a moist atmosphere at a 
temperture below the boiling point of any expanding 
agent within the polystyrene beads. 

The preferred proportion of cement in the mixture 
35 is from 10% to 15% by weight, the preferred size of 
the polystyrene beads is less than 1 millimetre and 
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the preferred diameter of the pellets is from 3 to 9 
millimetres* The minimum quantity of 1% by weight of 
cement is required to hold the pellet together. 

The pellets are preferably cured at a temperature 
5 which is not above 50°C and hardened sufficiently in 
1 to 2 days, depending on the curing temperature. 

The rate of curing of the pellets can be 
increased if pulverised fuel ash, which retains heat 
from the power station in which it is produced, is 
10 utilized in the process. 

Fuel ash which is preferred for use in the 
preparation of the lightweight aggregate of the 
present invention is produced as waste from coal fired 
power stations which burn hard coal, for example coal 
15 fired power stations found in the United Kingdom. The 
forp of fuel ash preferred is either as dry ash or a 
sticky mix comprising approximately 12 to 15% water. 
Where the fuel ash for use in preparing the aggregate 
is already moist, for example in the form of a sticky 
20 mix, additional water to form a pellet isable mix may 

not be required. Where the fuel ash is used is in the 
form of dry ash or does not contain sufficient water 
to form a pelletisable mix, additional water is 
required during the mixing of the solid batch 
25. components and polystyrene beads. The cement used in 
the process is preferably Portland cement. The 
pulverised fuel ash used in the process is preferably 
fly ash. 

It is also possible to add an inert filler in an 
30 amount of up to 20% by weight of the material forming 
the pellets (other than the polystyrene) . Such 
fillers should be very fine material, preferably of 
particle size of less than 20 micrometres. Examples 
of such inert fillers are furnace bottom ash,, ground 
35 slag, sand or finely ground quarry waste, such as rock 
dust. 
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If desired , after curing and hardening, the 
pellets may be heated to remove the exposed 
polystyrene beads on the surface of the pellets. 
Those polystyrene beads completely enclosed within the 
5 pellets begin to melt at approximately 300°C. The 
hardened pellets are strong enough to withstand the 
internal forces produced by any further expansion of 
the polystyrene beads on such heating- Such "burnt 
out" peilets which have had the exposed polystyrene 
10 beads removed from the surface thereof have increased 
densities arid may also have increased thermal 
properties. 

It may be that "burnt out" pellets which have had 
the polystyrene beads removed from the surface thereof 

15 are more popular in the building industry than those 
pellets where the polystyrene beads remain. 

A further emb odiment of the present invention is 
a method of preparing a lightweight aggregate wherein 
up to 15% by weight of liquid of powdered fuel is used 

20 to replace the same amount of cement in the mixture. 

Pellets which have been prepared with the inclusion of 
liquid or powdered fuel are hardened by sintering at a 
temperature in the range of from 800°C to 1400°C. 
This heating further increases the porosity of the 

25 pellets by burning out the coxnbustable (organic) 

components of the pellets. At these temperatures, the 
moisture in the polystyrene beads contained within the 
pellets vaporizes and forms voids, the silica within 
the pulverized fuel ash melts, vitrifies and on 

30 cooling forms a coating around the pellet. During the 
preparation of any embodiment of the present invention 
from 1 to 6% by weight of hydrated lime may be used to 
replace the same amount of cement in the mixture. 

The pelletisable mix according to the present 

35 invention is preferably made by weighing out the 

desired quantities of fuel ash and cement, or fuel 
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ash, liquid or powdered fuel and cement, measuring out 
the desired relative volume of polystyrene beads, 
wetting the surface of the beads and coating the 
wetted beads with a small amount of at least one of 
5 the weighed components prior to mixing the beads with 
the remainder of the weighed components. Wetting the 
beads encourages the pulverized fuel ash and/or other 
components of the mix to stick to the polystyrene 
beads and destroys the electrostatic properties of the 

10 beads. Only a proportion of the total water needed is 
required to wet the beads initially. 

Pretreatment of the polystyrene beads with 
surfactants or other surface treating agents may be 
necessary to aid compatibility with the other 

15 ingredients of the pellets. The pellets are 

preferably formed on a pan pelletiser with a water 
spray, if additional water is required. 

The pellets produced according to the present 
invention have a bulk dry density in the range of from 

20 200 to 750 kilograms per cubic metre. Those pellets 
with a bulk dry density of 300 kilograms per cubic 
metre, or below, are suitable for use in preparing 
thermal building blocks and those pellets with a bulk 
dry density of 400 kilograms per cubic metre or above 

25 may be used to prepare "standard" building blocks. 

The pellets produced according to any- embodiment 
of the invention may be used for the manufacture of 
building blocks by adding them to a matrix and 
moulding them in the standard fashion. The preferred 

30 matrix mix is formed from cement, pulverized fly ash 
and water. Building blocks prepared with the pellets 
of the present invention have performances closely 
approaching those of aerated concrete blocks. 

As used herein, the term "thermal building block" 

35 is intended to cover building blocks with a bulk dry 

density of 500 kilograms per cubic metre, or below and 
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the term "standard building block" is intended to 
cover building blocks with a bulk dry density of 600 
kilograms per cubic metre, or above. 

The present invention is further described by 
5 . reference to the following Examples r 

Example 1 

A batch comprising 12.5% by weight of Portland 
cement and 87.5% by weight of fly ash was weighed out 
and the bulk volume "of the batch assessed. For each 
10 100 parts by volume of the batch 185 parts by volume 
of polystyrene beads of diameter less than 1 
millimetre were measured out. The polystyrene beads 
were moistened with water and mixed with sufficient 
material taken randomly from the batch to produce a 
15 thin adherent coating on the beads. The remainder of 
the batch and a small amount of water was then added 
and mixing was continued to produce an intimate 
mixture of flyash, cement and polystyrene beads, the 
polystyrene beads comprising 65% by volume of the 
20 mixture. 

The mixture was fed into a 1 metre pan pelletiser 
with a water spray. The angle of tilt of the pan, the 
pan speed and depth and the water spray were adjusted 
until the pellets leaving the pan were hard enough to 
25 withstand handling and the major proportion were in 
the size range 3 to 9 millimetres. 

The pellets were passed to storage in a high 
moisture atmosphere and allowed to hardened at ambient 
temparature for two days. 
30 The hardened pellets had a bulk density of 450 to 

550 kg/m 3 and an average crushing strength in excess 
of 150N/cm 2 as measured on a Schleuniger tablet test 
machine between filter paper linings to avoid point 
loading on the pellets. 
35 A batch of the pellets was mixed with 20% weight 

of a 4:1 fly ash/cement mixture, sufficient water 
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added to achieve workability and formed into 
standard 100 mm building blocks. The blocks had an 
average density of 640 kg/m 3 , a crushing strength of 
at least 2.8N/cm 2 and a thermal conductivity of 0.15 
5 W/m.K. measured according to BSS 874. Part 2, Section 
2.1 (1986). 

Lightweight aggregates were prepared according to 
example 1 using waste pulverized fuel ash from 
10 different coal fired power station sources. The 

quantities of solid batch material and polystyrene 
beads were as follows; 

A total of 500 ml of solid batch material and 
1500 ml of polystyrene beads were used to prepare each 
15 aggregate. 

The polystyrene beads comprised 75% by volume of 
the final mixture of each aggregate. 

Table 1 shows the bulk densities of the 
aggregates prepared with the sources of pulverized 
20 fuel ash indicated. 

TabJLe 1 

Bulk Density of aggregate 
Kg/m 3 
255 
225 
235 
300 

30 Reference 

Drax [constitute PFA only] 900 

The aggregates from Table 1 have bulk dry 
densities suitable for use in preparing thermal 
35 building blocks. 



PFA Source 

25 Eggborough 
West Burton 
Blyth 
Drax 
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CLAIMS: 

1. A method of making a lightweight aggregate 
comprising mixing together from 80% to 99%. by weight 
5 of pulverized fuel ash, from 1% to 20% by weight of 
cement and an amount of expanded polystyrene beads 
having a particle size of less than 2.5 millimetres, 
such that the volume of polystyrene beads is from 15% 
to 80% of the total volume of the final mixture, to 

10 form a pelletisable mix, forming the mix into pellets 
having a diameter less than 15 millimetres and curing 
the pellets in a moist atmosphere at a temperature 
be^ow the boiling point of any expanding agent within 
the polystyrene beads. 

15 2. A method as claimed in claim 1 wherein the 

polystyrene beads have a particle size of less than 1 
millimetre. 

3. A method as claimed in claim 1 or claim 2 wherein 
the mix is formed into pellets having a diameter in 

20 the range of from 3 to 9 millimetres. 

4. A method as claimed in any one of the preceding 
claims wherein prior to mixing with the solid 
components of the mix, the polystyrene beads are 
treated with a surfactant, smother surface treating 

25 agents , or combinations' of two or more thereof. 

5. A method as claimed in any one of the preceding 
claims further including the addition of water to form 
the pelletisable mix. 

6. A method as claimed in any one of the preceding 
30 claims wherein up to 20% by weight of the material 

(other than the pellets) is an inert filler. 

7. A method as claimed in any one of the preceding 
claims wherein the pellets are formed using a pari 
pellet iser. 

35 8. A method as claimed in any one of the preceding 
claims further including, after curing, heating the 
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pellets to temperatures above 250°C. 

9. A method as claimed in any one of the preceding 
claims wherein up to 15% by weight of liquid or 
powdered fuel is used to replace the same amount of 

5 cement in the mixture. 

10. A method as claimed in claim 6 further including 
sintering the pellets at a temperature in the range of 
from 800°C to 1400°. 

11. A method as claimed in any one of the preceding 
10 claims wherein from 1 to 6% by weight of hydrated lime 

is used to replace the same amount of cement in the 
mixture . 

12. A lightweight aggregate whenever prepared by a 
method as claimed in any one of claims 1 to 7. 

15 13. A lightweight aggregate as claimed in claim 11 
having a bulk dry density of from 200 to 750 kg/m 3 . 
14-. A lightweight aggregate as claimed in claim 11 
preferably having a bulk dry density of 300 kg/m 3 or 
below. 

20 15. A building block whenever prepared from the 

lightweight aggregate as claimed in any one of claims 
12 to 14. 

16. A building block as claimed in claim 15 having a 
block density of 400 kg/m 3 or above. 



30 



35 
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